Abstract. The modeling of ionospheric plasma density irregularities (AN/• is a necessary first step towards forecasting ionospheric scintillation effects. This modeling challenge is difficult not only because the linear-nonlinear saturation levels of instabilities are not completely understood but also because AN/N often evolves on time scales which are long compared to the characteristic time constants of the instability drivers. In this study, the linear 1-D gradient drift instability (GDI) is used in a high latitude simulation of AN/N evolution. For the first time snapshots (maps) of AN/N are presented demonstrating that it is possible to use a physical model simulation of the ionosphere coupled with a time dependent convection electric field to simulate meso-scale irregularities. It is found that to evaluate the density irregularity in any given location, it is not sufficient to know the instantaneous growth rate; it is necessary to follow the history of the plasma along the convection streamlines.
Introduction
The high-latitude ionosphere, from the auroral zone into the polar cap, is a highly structured region containing irregularities (plasma density fluctuations) ranging in size from meters to hundreds of kilometers [e.g., Vickery et al., 1980] . These irregularities contribute to the fading of high frequency (HF) transionospheric radio signals and the degradation and disruption of the ground-satellite radio communications [e.g., Maude and Pramanik, 1967] ; forecasting and specification of the irregularities is a major component of national and international space weather programs. Ionospheric irregularities are caused by various processes, including plasma instabilities, particle precipitation, and neutral fluid dynamics [Keskinen and Ossakow, 1983] . It has been suggested that in the .polar cap the dominant mechanism is the gradient drift instability (GDI) [Basu et al., 1990] . The theoretical study of the GDI has been extensively conducted in 1, 2, and 3 dimensions [Linson and Workman, 1970 The typical GDI growth time in the polar cap is on the order of 103 seconds [Sojka et al., 1998 ], during which time the convection pattern may undergo substantial changes or the plasma may move into regions with totally different convection field and plasma density gradients, which will change the growth rate or even suppress the instability. In other words, whether irregularities can develop is not solely determined by instantaneous growth rate, but also by the history of instability Copyright 2000 by the American Geophysical Union.
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0094-8276/00/2000GL003813505.00 growth along convection streamlines. This new method for studying irregularities is important not just for the GDI but also for other instability processes, as long as the growth time of the instability is longer than the time scale of the variation of the background plasma.
Methodology
The one-dimensional GDI growth rate is given by Linson and Workman [ 1970] : VL
L where V•. is the horizontal drift velocity component with respect to the neutral atmosphere which is parallel to the density gradient. L is the scale length of the plasma density gradient and indicates the horizontal distance over which the plasma density increases by a factor of e. This basic equation is for the collisional approximation and will be used in the present study for calculating the instantaneous GDI growth rate. Since the focus of this paper is the evolution of irregularities by following convecting flux tubes, the detailed discussion of this formula as well as other more sophisticated GDI growth rate formulas will not be given here; see Sojka et al. [1998] . There may be a question of the suitability of a growth rate which is independent of the local irregularity amplitude. By way of checking whether the AN/N distributions presented here are qualitatively sensitive to non-linear growth, a simulation was repeated in which the GDI growth time was increased by as much as a factor of 10 with a quadratic dependence upon the local value of A N/N. The structures seen in the •/N maps showed very little sensitivity to this change.
Integration of the Growth Rates
At time to we assume a small seed perturbation AN,, associated with a specific convecting plasma volume. The density perturbation after a small time interval At (at t = t•) can be expressed as:
Where Yo is the initial, instantaneous, GDI growth rate. If we consider AN• as a new seed at t = t•, and so on, the density perturbation at any time t is:
The integration in the above equation is performed by following a specific convecting plasma flux tube. Since the density gradient and the background convection field will change as this flux tube moves, the growth rate, y, will vary as a function of time. The variation of y can move into both positive and negative regimes, which means that the perturbation can go through both growth and suppression periods. Whether an irregularity can eventually develop depends on the history of the growth rate for that specific plasma volume.
In this study, a 1% density perturbation is chosen as the seed fidV o, as in [Keskinen and Ossakow, 1982 The Utah State University (USU) time dependent ionospheric model (TDIM) is a multi-species (O2 +, N2 +, NO +, O +, N +, and He + ) global model of the ionosphere that is based upon solutions of the continuity, momentum, and energy equations in the collision-dominated 13-moment transport formulation. The development of this model is described by Schunk [1988] , while the model predictions and comparisons with observations are described by Sojka [ 1989] .
In this study the TDIM convection electric field pattern and the auroral precipitation pattern are determined by an MHD simulation for 13 November 1996 [Fedder and of the growth rate being largest on trailing edges of patches. The TDIM has generated snapshots like the one shown in Plate 1 every 2 minutes from 1200 UT to 2300 UT; so that the evolution of the GDI growth rate and fidV/N can be followed with 2 minute time resolution throughout this period. To demonstrate the GDI growth rate variation and the evolution of AN/N a specific plasma flux tube is studied. 
Discussion
In the high-latitude ionosphere, especially in the auroral regions, there exist irregularities associated with other kinds of instabilities, including velocity shear instability, field-aligned current instability, temperature gradient instability, and others [Kelley and Carlson, 1977; Keskinen and Ossakow, 1983] . The platform developed in this work can be adapted for the study of irregularities associated with these other instability mechanisms. In the present version of the platform, we used a simple I-D formula for calculating the GDI growth rate; in future work we will use more sophisticated formulas (2-D and 3-D).
In this first study we have opened a "Pandora's box" and left much to be addressed. The following list identifies key issues: i) Irregularity Wavelength Spectrum. The GDI growth rate used in this study is specifically for mesoscale length i.e., 10 to 100 km, whereas in fact the geo-effective irregularity range is usually sub-meter. Arguments can however be made based upon observations which show that the irregularity spectrum is found to have a power law (k) spectrum [Basu et al., 1990] addition, the present work is also a prototype platform for the forecasting and specification of irregularities in the high latitude ionosphere, which can be used by the National Space Weather Program (NSWP).
